Introduction {#sec1-0300060519898615}
============

Urine, a net result of nephron function, contains various information about physiological and pathophysiological processes.^[@bibr1-0300060519898615]^ Urine measures based on dipstick tests such as protein, blood cells, ketone and glucose are broadly used in medical practice to diagnose not only urinary tract disease and kidney function but also metabolic diseases such as diabetes.^[@bibr2-0300060519898615]^ Of urine parameters, urine pH influences the solubility of crystals commonly found in nephrolithiasis. Low urine pH (LUP) contributes to precipitation of uric acid in the urine and is also linked with metabolic syndrome (MS), which is characterized by disorders such as obesity, insulin resistance, dyslipidaemia, hypertension and/or type 2 diabetes mellitus.^[@bibr3-0300060519898615][@bibr4-0300060519898615]--[@bibr5-0300060519898615]^ Therefore, LUP may be a feature of MS owing to its association with various MS diagnostic components.^[@bibr6-0300060519898615]^ For example, clinical studies have shown that LUP is independently associated with systolic and diastolic blood pressure (SBP and DBP), triglycerides (TG), fasting plasma glucose levels (GLU0) and high-density lipoprotein (HDL) cholesterol, demonstrating that urine pH decreases as the number of metabolic abnormalities increases.^[@bibr7-0300060519898615]^ In a Korea National Health and Nutrition Examination Survey,^[@bibr8-0300060519898615],[@bibr9-0300060519898615]^ subjects with high urine acidity were more likely to have MS disorders such as dyslipidaemia or hyperglycaemia. However, it is unclear which MS diagnostic components are associated with LUP.

In addition to these metabolic traits, environmental factors such as consumption of acid-based foods affect urine pH, and lower fruit and vegetable intake and high meat consumption are significantly associated with LUP.^[@bibr10-0300060519898615]^ Thus, metabolic traits or increased acid intake may contribute to but cannot entirely account for LUP. Therefore, we aimed to not only distinguish which environmental factors play important roles in influencing LUP, but also investigate the link between LUP and metabolic traits. It was hoped to determine the association between LUP and MS diagnostic components after adjusting for related environmental factors.

Methods {#sec2-0300060519898615}
=======

Study subjects {#sec3-0300060519898615}
--------------

Subjects were drawn from the Korean Genome and Epidemiology Study (KoGES) project conducted by the Korean Association REsource consortium (KARE). KoGES is a large cohort study involving subjects aged 40 to 69 years from urban Ansan and rural Anseong in the Republic of Korea.^[@bibr11-0300060519898615],[@bibr12-0300060519898615]^ KoGES was initially designed to investigate chronic diseases such as obesity, diabetes, hypertension and MS, as Korea is one of the world's most rapidly aging countries and the Korean diet has quickly become more Western. We analysed data from individuals with available urine pH reports. The KARE data set consists of epidemiological/clinical phenotypes, including MS diagnostic criteria. Detailed information about the study protocol has been described previously.^[@bibr13-0300060519898615]^ This research project was approved by the institutional review board of Kosin University (IRB No. KUGH 2018-09-031-002). All participants had provided informed consent for the baseline data and biospecimens, and had undergone an interview and physical examination.

Study variables {#sec4-0300060519898615}
---------------

General information on age; sex; residential area (Anseong or Ansan); past disease history such as diabetes, hypertension and dyslipidaemia; medication history and lifestyle history (including smoking and alcohol intake) was used for analysis. Between-group analysis was conducted on the following MS diagnostic factors: body mass index, waist-to-hip circumference ratio, SBP and DBP, GLU0, HDL-cholesterol and TG. Body fat percentage and waist-to-hip ratio were calculated using a body composition analyser (Inbody 3.0, Biospace, Seoul, Republic of Korea). Other blood tests were also conducted: 75 g oral glucose tolerance test (OGTT), haemoglobin A1c (HbA1c), total cholesterol, liver function, renal function, high-sensitivity C-reactive protein and renin.

Dietary information was also obtained using the validated and reproducible Food-Frequency Questionnaire, which measures the average consumption frequency and serving size for 103 food items.^[@bibr14-0300060519898615]^ Nutrient intake per day, such as energy-source nutrients, vitamins and minerals, was calculated and compared between groups.^[@bibr15-0300060519898615]^

Statistical analyses {#sec5-0300060519898615}
--------------------

Statistical analyses were performed using R (version 3.4.1), a free package from the R Foundation for Statistical Computing ([www.r-project.org](http://www.r-project.org)). Demographic and clinical characteristics of subjects are reported as mean ± standard deviation for continuous variables, and as frequencies and percentages for categorical variables. Independent sample t-test or chi-squared test was used for between-group analysis of continuous or categorical variables, respectively. Pearson correlation analysis was used to examine associations between nutrient intake components. Stepwise regression analysis in a multivariate logistic regression model was used to investigate independent predictors of LUP.

Results {#sec6-0300060519898615}
=======

Between-group comparison of demographic and clinical characteristics {#sec7-0300060519898615}
--------------------------------------------------------------------

Data were analysed from 8,811 individuals (mean age, 52.2 ± 8.9 years; mean body mass index, 24.6 ± 3.2 kg/m^2^). The pH distribution of urine test results of the KARE subjects after 8 hours of fasting was as follows: pH 5.0 (N = 4,626), pH 5.5 (N = 1,114), pH 6.0 (N = 1,047), pH 6.5 (N = 851), pH 7.0 (N = 511), pH 7.5 (N = 489), pH 8.0 (N = 67) and pH 8.5 (N = 6). Therefore, 4,626 subjects with urine pH of 5.0 were assigned to the LUP group, and the other 4,185 subjects with urine pH \> 5.0 were assigned to the control group, according to previous definitions of LUP.^[@bibr7-0300060519898615],[@bibr9-0300060519898615]^

[Table 1](#table1-0300060519898615){ref-type="table"} summarizes the demographic profiles, comorbidity, medication and lifestyle history for the LUP and control groups. The number of men was significantly higher in the LUP group (*P* = 1.40 × 10^−5^) and there were no between-group differences in the various diseases, including kidney disease, gout and urinary tract infections, which can affect urine pH. The KARE data show a wide range of medication use (data not shown); the only between-group difference for medication use was for hypertension medication (*P* = 6.84 × 10^−3^), which can be attributed to the low rate of hypertension in the LUP group. The between-group comparison in smoking and alcohol consumption history showed that LUP was significantly associated with current smoking (*P* = 3.23 × 10^−10^), smoking pack-years (*P* = 1.04 × 10^−9^), current drinking (*P* = 7.08 × 10^−10^) and alcohol intake (*P* = 0.0110) ([Table 1](#table1-0300060519898615){ref-type="table"}).

###### 

Demographic characteristics, clinical features, and tobacco and alcohol consumption according to urine pH.

![](10.1177_0300060519898615-table1)

                                    Urine pH = 5.0   Urine pH \> 5.5   *P*
  --------------------------------- ---------------- ----------------- ----------------
  Age (year)                        52.18 ± 8.88     52.26 ± 8.95      0.6553
  Male sex, N (%)                   2,291 (49.52)    1,878 (44.87)     1.40 × 10^−5^
  Anseong, N (%)                    2,257 (48.79)    1,936 (46.26)     0.0187
  History                                                              
   Hypertension, N (%)              683 (14.77)      699 (16.71)       0.0139
   Diabetes mellitus, N (%)         344 (7.44)       267 (6.38)        0.0558
   Dyslipidaemia, N (%)             111 (2.40)       106 (2.53)        0.7403
   Renal disease, N (%)             113 (2.44)       130 (3.11)        0.0671
   Gout, N (%)                      285 (6.16)       234 (5.59)        0.2743
   Urinary tract infection, N (%)   34 (0.74)        28 (0.67)         0.8075
   Cancer, N (%)                    36 (0.78)        34 (0.81)         0.9524
   Any medications                  1,757 (40.03)    1,604 (40.37)     0.7681
   Hypertension medication          511 (11.70)      541 (13.70)       6.84 × 10^−3^
   Oral hypoglycaemic agents        188 (4.31)       144 (3.65)        0.1400
   Insulin                          48 (1.10)        38 (0.96)         0.6117
   Statin                           27 (0.62)        29 (0.73)         0.6085
  Lifestyle                                                            
   Current smoker, N (%)            1,283 (28.01)    937 (22.76)       3.23 × 10^−10^
   Smoking pack-years (years)       10.44 ± 16.56    8.30 ± 15.38      1.04 × 10^−9^
   Current drinker, N (%)           2,307 (50.20)    1,820 (43.95)     7.08 × 10^−10^
   Alcohol intake (g/day)           10.30 ± 21.75    9.07 ± 22.80      0.0110

[Table 2](#table2-0300060519898615){ref-type="table"} compares the anthropometric measurements between groups. There was a significant difference in waist circumference compared with hip circumference, resulting in a much bigger waist-to-hip ratio (related to abdominal obesity) in the LUP group (*P* = 5.92 × 10^−8^). Body mass index was also significantly higher in the LUP group (*P* = 9.87 × 10^−8^). The observed abdominal obesity difference was confirmed by measurements using a body composition analyser, although the body fat composition did not differ between groups, indicating that LUP represents abdominal obesity rather than obesity. Both SBP (*P* = 2.83 × 10^−5^) and DBP (*P* = 4.27 × 10^−3^) were significantly lower in the LUP group even after adjusting for hypertension medication. A subgroup analysis of subjects taking hypertension medication (N = 1,052) showed that both SBP (130.45 ± 18.05 mmHg) and DBP (81.39 ± 11.71 mmHg) in the LUP group were significantly lower compared with SBP (136.0 ± 19.13 mmHg) and DBP (83.47 ± 11.0 mmHg) in the control group (*P* = 5.47 × 10^−6^ and *P* = 3.07 × 10^−3^, respectively).

###### 

Anthropometric measurements according to urine pH.

![](10.1177_0300060519898615-table2)

                                Urine pH = 5.0   Urine pH \>5.5   *P*
  ----------------------------- ---------------- ---------------- ----------------
  Obesity measures                                                
   Waist circumference (cm)     83.19 ± 8.82     82.12 ± 8.73     1.08 × 10^−8^
   Hip circumference (cm)       93.79 ± 6.01     93.51 ± 5.83     0.0266
   Waist-to-hip ratio           0.887 ± 0.075    0.878 ± 0.076    5.92 × 10^−8^
   Subscapular thickness (cm)   23.92 ± 11.17    23.39 ± 10.70    0.0248
   Suprailiac thickness (cm)    25.97 ± 11.83    25.44 ± 111.61   0.0422
   Height (cm)                  160.32 ± 8.67    159.66 ± 8.65    3.77 × 10^−5^
   Weight (kg)                  63.77 ± 10.33    62.33 ± 9.82     2.25 × 10^−11^
   BMI (kg/m^2^)                24.76 ± 3.19     24.41 ± 3.05     9.87 × 10^−8^
  Body composition analysis                                       
   Waist-to-hip ratio           0.904 ± 0.049    0.899 ± 0.048    3.62 × 10^−6^
   Percentage body fat (%)      27.10 ± 7.07     26.93 ± 7.13     0.3435
  Cardiovascular                                                  
   SBP (mmHg)                   116.82 ± 17.50   118.46 ± 19.04   2.83 × 10^−5^
   DBP (mmHg)                   74.73 ± 11.36    75.44 ± 11.76    4.27 × 10^−3^
   Pulse rate (bpm)             63.84 ± 7.69     63.94 ± 7.67     0.5445

BMI: body mass index; DBP: diastolic blood pressure, SBP: systolic blood pressure.

Between-group comparison of biochemistry tests {#sec8-0300060519898615}
----------------------------------------------

[Table 3](#table3-0300060519898615){ref-type="table"} summarizes the biochemistry results between groups. The results indicated that LUP is a metabolic syndrome trait. Of the OGTT results, GLU0 showed the largest significant between-group difference (*P* = 2.15 × 10^−12^), with higher HbA1c in the LUP group (*P* = 2.86 × 10^−10^). The homeostasis model assessment of insulin resistance (HOMA-IR = glucose × insulin/405) was significantly greater in the LUP group (1.73 ± 1.19) than in the control group (1.60 ± 1.36, *P* = 6.39 × 10^−6^). Of the lipid profiles, higher TG (*P* = 9.34 × 10^−7^) and lower HDL (*P* = 1.36 × 10^−7^) were observed in the LUP group. The renin parameter, which is related to hypertension, was significantly greater in the LUP group (*P* = 3.46 × 10^−9^). The LUP group showed poorer liver function (alanine aminotransferase (*P* = 5.69 × 10^−7^), aspartate aminotransferase (*P* = 4.16 × 10^−4^) and gamma-glutamyl transpeptidase (*P* = 8.24 × 10^−10^)) and higher blood urea nitrogen (*P* = 2.01 × 10^−19^), although this was within the normal range.

###### 

Biochemistry results according to urine pH.

![](10.1177_0300060519898615-table3)

                               Urine pH = 5.0   Urine pH \>5.5   *P*
  ---------------------------- ---------------- ---------------- ----------------
  OGTT                                                           
   Fasting glucose (mg/dL)     89.2 ± 23.7      85.9 ± 19.5      2.15 × 10^−12^
   1-hour glucose (mg/dL)      155.5 ± 56.1     149.4 ± 50.6     1.76 × 10^−7^
   2-hour glucose (mg/dL)      128.9 ± 53.5     124.5 ± 48.1     7.71 × 10^−5^
   Fasting insulin (µIU/mL)    7.75 ± 4.70      7.46 ± 4.80      3.89 × 10^−3^
   1-hour insulin (µIU/mL)     32.96 ± 32.89    31.08 ± 30.37    6.70 × 10^−3^
   2-hour insulin (µIU/mL)     29.15 ± 28.59    28.37 ± 27.75    0.2052
  HbA1c (%)                    5.87 ± 1.03      5.74 ± 0.84      2.86 × 10^−10^
  Lipid profile                                                  
   Total cholesterol (mg/dL)   191.8 ± 36.44    191.3 ± 35.6     0.5957
   HDL-cholesterol (mg/dL)     44.1 ± 9.9       45.3 ± 10.2      1.36 × 10^−7^
   Triglycerides (mg/dL)       168.1 ± 110.1    157.1 ± 100.0    9.34 × 10^−7^
  Liver function                                                 
   Total protein (g/dL)        7.307 ± 0.449    7.310 ± 0.455    0.7382
   Albumin (g/dL)              4.25 ± 0.33      4.24 ± 0.33      0.5370
   Total bilirubin (mg/dL)     0.604 ± 0.335    0.610 ± 0.331    0.4103
   AST (IU/L)                  30.5 ± 21.0      29.1 ± 15.1      4.16 × 10^−4^
   ALT (IU/L)                  29.6 ± 31.8      21.3 ± 21.3      5.69 × 10^−7^
   γGT (IU/L)                  39.6 ± 75.8      31.3 ± 50.7      8.24 × 10^−10^
  Renal function                                                 
   BUN (mg/dL)                 14.71 ± 3.87     13.99 ± 3.63     2.01 × 10^−19^
   Creatinine (mg/dL)          0.996 ± 0.124    0.992 ± 0.147    0.1484
   Calcium (mg/dL)             9.61 ± 0.47      9.59 ± 0.47      0.1200
  hs-CRP (mg/L)                0.237 ± 0.444    0.232 ± 0.643    0.6809
  Renin (ng/mL/hr)             2.835 ± 3.053    2.457 ± 2.935    3.46 × 10^−9^

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen; HbA1c: haemoglobin A1c; HDL: high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein; γGT: gamma-glutamyl transpeptidase; OGTT: oral glucose tolerance test.

Between-group comparison of dietary nutrient intake {#sec9-0300060519898615}
---------------------------------------------------

There were no significant between-group differences in energy-source nutrients such as carbohydrates, lipids, protein and minerals, except potassium (*P* = 7.62 × 10^−4^) ([Table 4](#table4-0300060519898615){ref-type="table"}). However, vitamin intake was significantly lower in the LUP group: vitamin C (*P* = 4.68 × 10^−5^), folate (*P* = 3.10 × 10^−3^), carotene (*P* = 7.68 × 10^−3^) and vitamin E (*P* = 6.21 × 10^−3^). Daily nutrient intake, including potassium, correlated strongly with fibre intake (correlation coefficients ≥0.78, *P* \< 0.001, Supplemental Figure 1). Overall, the LUP group tended to have a less fibre-rich diet than the control group (*P* = 1.63 × 10^−3^).

###### 

Mean daily intakes of energy and nutrients (estimated from the Food-Frequency Questionnaire) according to urine pH.

![](10.1177_0300060519898615-table4)

                     Urine pH = 5.0      Urine pH \>5.5      *P*
  ------------------ ------------------- ------------------- ---------------
  Energy (kcal)      1909.29 ± 676.62    1938.12 ± 762.43    0.0659
  Protein (g)        65.97 ± 31.22       66.45 ± 32.27       0.4853
  Fat (g)            31.96 ± 21.17       32.22 ± 22.37       0.5892
  Carbohydrate (g)   333.63 ± 109.42     340.09 ± 125.19     0.0116
  Ca (mg)            469.47 ± 269.50     483.38 ± 283.67     0.0206
  P (mg)             1008.93 ± 422.80    1025.03 ± 447.28    0.0885
  Fe (mg)            10.67 ± 5.47        10.95 ± 5.87        0.0267
  K (mg)             2447.17 ± 1175.68   2536.66 ± 1269.34   7.62 × 10^−4^
  Vitamin A (mcg)    530.61 ± 423.08     556.50 ± 497.69     0.0100
  Na (mg)            3152.62 ± 1682.01   3208.88 ± 1709.92   0.1262
  Vitamin B1 (mg)    1.23 ± 0.61         1.25 ± 0.64         0.1577
  Vitamin B2 (mg)    0.98 ± 0.50         1.00 ± 0.53         0.0967
  Niacin (mg)        15.41 ± 7.45        15.57 ± 7.56        0.3152
  Vitamin C (mg)     120.45 ± 89.48      128.96 ± 102.28     4.68 × 10^−5^
  Zinc (µg)          8.59 ± 4.46         8.72 ± 5.01         0.1794
  Vitamin B6 (mg)    1.76 ± 0.83         1.80 ± 0.89         0.0381
  Folate (µg)        239.23 ± 128.87     247.92 ± 140.99     3.10 × 10^−3^
  Retinol (µg)       67.34 ± 67.89       67.44 ± 63.90       0.7756
  Carotene (µg)      2661.02 ± 2269.85   2806.57 ± 2721.90   7.68 × 10^−3^
  Ash (mg)           21.26 ± 15.08       22.00 ± 15.64       0.0258
  Fibre (g)          20.27 ± 9.67        20.98 ± 10.93       1.63 × 10^−3^
  Vitamin E (mg)     8.90 ± 5.38         9.24 ± 6.15         6.21 × 10^−3^
  Cholesterol (mg)   175.39 ± 150.84     173.24 ± 142.26     0.4983

Ca: calcium; P: phosphorus; Fe: iron; K: potassium.

Multivariate analysis {#sec10-0300060519898615}
---------------------

[Table 5](#table5-0300060519898615){ref-type="table"} shows the results of the multivariate regression analysis for the associations between urine pH and the other variables. Female subjects were more likely to be in the LUP group (OR = 1.330, *P* = 1.79 × 10^−5^). Lifestyle was also significantly related to LUP: smoking (OR = 1.244, *P* = 4.12 × 10^−4^), current drinking (OR = 1.186, *P* = 2.08 × 10^−5^) and fibre-rich diet (OR = 0.993, *P* = 1.00 × 10^−3^). Even after adjusting for these environmental factors, most of the MS diagnostic components showed a significant association with LUP, which can be interpreted as an unhealthy metabolic feature. Waist-to-hip ratio had the greatest influence on LUP (OR = 2.439, *P* = 0.0192) compared with the other MS diagnostic components such as body mass index, blood glucose, insulin and lipid parameters. SBP was strongly associated with LUP (OR = 0.992, *P* = 5.40 × 10^−9^).

###### 

Multivariate logistic regression results for urine pH.

![](10.1177_0300060519898615-table5)

                                  Odds ratio   95% confidence interval   *P*     
  ------------------------------- ------------ ------------------------- ------- ---------------
  Demographics                                                                   
   Age                            1.005        0.999                     1.011   0.0985
   Female                         1.330        1.146                     1.545   1.79 × 10^−5^
  Social demographics                                                            
   Current drinker                1.186        1.097                     1.283   2.08 × 10^−5^
   Current smoker                 1.244        1.102                     1.405   4.12 × 10^−4^
  Metabolic syndrome categories                                                  
   BMI                            1.028        1.011                     1.046   1.26 × 10^−3^
   Waist-to-hip ratio             2.439        1.157                     5.148   0.0192
   Fasting blood glucose          1.005        1.001                     1.008   0.0100
   Fasting insulin                1.005        0.996                     1.016   0.2692
   HbA1c                          1.047        0.958                     1.144   0.3104
   HDL                            0.991        0.986                     0.996   1.99 × 10^−4^
   TG                             1.000        0.999                     1.000   0.8430
   Systolic blood pressure        0.992        0.989                     0.995   5.40 × 10^−9^
  Others                                                                         
   Renin                          1.036        1.019                     1.054   3.94 × 10^−5^
   Fibre                          0.993        0.988                     0.997   1.00 × 10^−3^
   γGT                            1.001        1.000                     1.002   4.52 × 10^−3^
   ALT                            1.002        1.000                     1.004   0.1262

ALT: alanine aminotransferase; BMI: body mass index; HbA1c: haemoglobin A1c; HDL: high-density lipoprotein; γGT: gamma-glutamyl transpeptidase; TG: triglycerides.

Discussion {#sec11-0300060519898615}
==========

According to the Korean Society of Obesity MS criteria,^[@bibr16-0300060519898615]^ the prevalence of MS in the study cohort was about 32.7%, which increased with age as follows: 23.6% of men and 22.6% of women in their 40s, 30.3% and 45.5% in their 50s, and 26.8% and 58.8% in their 60s, respectively. Follow-up analysis of subjects who had not been diagnosed with MS also showed that the incidence density of MS was high: 53/1,000 person-years in men and 52/1,000 person-years in women during the mean follow-up period of 6.01 years.^[@bibr17-0300060519898615]^ Therefore, this sample of cohort subjects with high MS prevalence was appropriate for our purpose in investigating which factors significantly affect LUP in terms of MS.

The present analysis showed that LUP was associated with most of the MS diagnostic criteria, such as abdominal obesity, elevated fasting glucose and low HDL-cholesterol, which suggests that LUP could be used as an unhealthy metabolic trait indicator. Of these components, abdominal obesity, represented by waist-to-hip ratio, was the most important predictor of LUP, even after adjusting for other covariates such as sex and lifestyle factors. However, elevated SBP and DBP were negatively associated with LUP, which supports previous findings that raised blood pressure, in contrast with other MS components, is not significantly associated with LUP.^[@bibr8-0300060519898615],[@bibr9-0300060519898615]^ The subgroup analysis of subjects taking hypertension medication showed that both SBP and DBP were significantly lower in the LUP group than in the group. Therefore, the results suggest that LUP can differentiate between the blood pressure component and other diagnostic components of the MS pathophysiological mechanism.

The association between LUP and metabolic traits such as obesity and TG was previously reported to be dependent on sex (i.e. this association was observed only in men).^[@bibr18-0300060519898615]^ In contrast, the present findings indicate that the adjusted OR was significantly larger in women, though LUP in men was more prevalent. Therefore, caution is needed in assuming a sex-dependent association between LUP and obesity or TG. Regarding living habits, we found that LUP reflected poor lifestyle patterns such as low dietary fibre intake, alcohol intake and smoking habits. The effects of smoking and alcohol on LUP (ORs of 1.244 and 1.186, respectively) were larger than those of MS diagnostic components, except for abdominal obesity, which demonstrated that environmental exposure is important in determining urine pH.

The present study had several limitations. This cross-sectional study did not permit us to assume a causal relationship between LUP and the various factors. However, the study used large-scale cohort data generated from over 8,000 subjects, in whom MS was prevalent. In addition, LUP cases and controls were well balanced. Second, fasting single-spot urine samples were used to determine urine pH, instead of urine collected over 24 hours. However, a previous study using a large cohort showed that fasting urine pH was correlated with 24-h urine pH.^[@bibr19-0300060519898615]^ Third, our study population was restricted to Korean subjects, so it may be challenging to generalize these findings to Western countries, especially considering ethnic and dietary differences in MS.

In conclusion, this study indicated that LUP is an unhealthy metabolic feature that is not only associated with MS components (e.g. abdominal obesity, hyperglycaemia and dyslipidaemia), but also represents poor lifestyle (e.g. smoking, drinking and fibre-poor diet). Within the complex pathophysiological mechanisms of MS, LUP is mainly associated with abdominal obesity.
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